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Distinctive research and test facilities exist at the U.S. Navy's Arctic Submarine Laboratory. San Di':g•}, CA. These facilities
include the unique Arctic Experimental Pool, sea ice model basin, large entry cold chamber, dry cold laboratories. various
pressure chambers, and seawater pond along with supporting facilities. The unique Arctic Experimental Pool holds
approximately 950 m3 of seawater (pumped from the Pacific Ocean). The air temperature can be held as low as -60 C and sea
ice up to a thickness pf 5 feet can be grown while controlling the salinity and air content of the water. The sea ice model basin
can be sustained at -20'C and filled with fresh water, seawater, or "doped" water. The sea ice model basin has a towing
carriage above the surface and a towing sled on the bottom of the pool. The special features of the unique facii:'ies are discussed
as well as the complete details of all of the facilities. These facilities were built following the end of World War 1I to study the
many problems associated with with working or operating in sea ice and/or low-air temperatures. The first major results of tests
in the facilities include development of the snorkel spray ring for the induction masts of submarines and initial ice-breaker
model tests that contributed to the design of the U.S. Polar class. The facilities have been refurbished recently and are available
for conducting research experiments and engineering testing.
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INTRODUCTION TO THE U.S. NAVY ARCTIC LABORATORY

Carl A. Wales
Arctic Laboratory

Naval Ocean Systems Center

San Diego, California

Abstract In 1970. the design of the sea ice model basin was started and cf

Distinctive research and test facili ies exist at the U.S. Navy's Arctic Sub- lion was completed b 1974

marine Laboratory, San Diego, CA. Thrise facilities include the unique Arctic Since 1984, the Arctic Experimental Pool has been modified to aI~ow vari-
Experimental Pool, sea Ice model basin, large entry cold chamber, dry cold ation in the air content of the ice and to prevent adhesion of the growing ice
laboratories, various pressure charmbe.rs, and seawater pond along with sheet to the sides of the pool.

- supporting facilities. The unique Arctic Eb;.,ernenlal Pool holds approximately Facilities
950 m3 of seawater (pumped from the Pacific Ocean). The air temperature can

be held as low as -60°C and sea ice up to a thickness of 5 feet can be grown The complex facilities that comprise the Arctic Submarine Laboratory
while controlling the salinity and air content of the water. The sea ice model share two common refrigeration plants. Anmnonia is used as the refrigeration

basin can be sustained at -20°C and filled with fresh water, seawater, or fluidinanormalCanot cycle The ammonia chiffs a farge volume of methylene
chloride which is then pumped to the necessary heal exch-angers to cool water

"doped" water. The sea ice model basin has a towing carriage above the sur- cooing of the pumped in the pools heat in to l prer
face and a towing sled on the bottom of the pool. The special features of the (initial cooling of the water in the pools or coolingthe water in the large pressure
unique facilities arediscussed aswell as'the completedetails of all of the facili- chamber), chill the air over the water/ice, or to cool the air in the cold rooms

ties. These facilities were built following the end of World War f to study the Main Pool
many problems associated with working or operating In sea Ice and/or low-air
temperatures. The first major results of tests in the facilities include develop- The Arctic Experimental Pool Is one of a kind in the Western Hemisphere
ment of the snok(el spray ring for t'e Induction masts of suixmaInes and initial (and mayle througftout the world) that can grow true sea ice In the same man-
ice-breaker model tests that contributed to the design of the U.S. POLAR ner as nature grows sea Ice in th Arctic but with predictable and controlled
Class. The facilities have been refurblshed recently and are available frcon- conditions. The water Is filtered and pumped In frOm the Pacific Ocean. Then
ducting research experiments and engineering testing, the water Is chilled to near freezing by circulating it through a heat exchanger.

When the water nears its freezing temperature the remainder of the freezing and
History Ice growth process is done entirely by extracting the energy through the

The Arctic Experimental Pool was originally conceived to solve the watertair and then the water-ice-air Interface using a heat exchanger in the air
problem 'How to neutralize/defend against the attacking submarine In the ice 2 m above the water surface. The salinity and air content of the water before

in the Gulf of St. Lawrence,' The German single U-boats that devastated ship- freezing starts can be controlled to desired parameters. AS the freezing proc-

ping in the North Atlantic in the winter (1943 to 44) would hide unler the ice. In ess goes on, the salinity and air content of the water is varied or maintained as

1952, the Arctic ExFerimental Pool was designed and constructed In an old needed for the particular experiment. Seasonal variations in salinity can be

mortar battery on Point Loma which was part of the Navy laboratory there simulated and a summer mell season may be simulated to provide 'muttiyear"

(which has had numerous names over the years starting with the Navy Radio ice. The overhead coil system gives a continuous complete cold sky that can
and Sound Laboratory in World War II and is the Naval Ocean Systems Center be driven to about -60°C. This unique feature simulates arctic winter radiation
today (with another pending name change In 1992)). exchange where the air-temperature gradient is highly variable depending on

In 1969 to 1970, the Arctic Experimental Pool operated as a model basin the Ice thickness and a stirring 01 air volume (See Table

for the Coast Guard and a north slope oil project. Both Ice breakers and the Once the temperature in the pool (approximately 975 m
3

) is lowered to
design of the Ice-strengthened tanker MANHATTAN (ice-breaking-bow modifi- near freezing the rate of ice growth Is a function of the air temperature. Figure 1
cation) were tested, shows the thickness of ice and growth time for three different air temperatures



ratbe I Pools Sea tce ModIt¶ Basin

Arctic Exjxerirnenlal Sea Ice 'he i: e V defnooe0 tasbin (Flgq re 3) ,s n¾Iar to r fany t0*11 ili rI' e• i:p

Pool % lol 1aSin ialt 1110ý oijflace may be an ice sheet Tihe Luooftrg an(i freezing pfc is !j
la to trioe marn pool although "seeded/dopedO ice (fine grained, urea ti.. i :-,ay

Length 23 7 m 30 5 or also be grow,'/fn Additionally, the sea ice model basin has a lowir n Aage
Width 8 53 m 9 1 in (typical model.towing carriage) above the surface and a sled on tMe bottom Ito
Depth 4, 87 m 1 27 an facilitate towing a sutmeiged body withJoul the towing mec.hanjmrn bfeakin)
Waterltce types seawater seziwaier, Sfest, doped the c sheet This sled can test a body inrpacting thre ice with latc,-a, a, wireras
Min. air 60°C 20°C a small vefhlcar fiotlon rlaoiv/e to the Ice

temperature
Max. ice 1 5m 12 7 cm

thickness
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Figur'e 1. Growth rate of ice sheets

Figure 3 Sea ice model basin

A controlled buoyancy impact vehicle (Figure 2) can be released at differ-
ent speeds (and thus, different momentums on impact) to permit studying the

forces invoCved in impacting sea ice from underneath. An observation room on Large Entry Cold Chamber
the bottom of the pool, a periscope, and various underwater cameras permit The large entry cold chamber (Figure 4) was br ll to provide the ability toobsewrving and recording experiments from beneath the ice sheet.Sfchill large objects (vehicles, small submersibles. ROVs. UUVs. etc) which

An ice jack Is installed in one end of the pool to permit rafting of part of the may be subjected to low-air temperatures (during transport or storage) The
ice sheet, maximum floor loading is 2440 kg/m3

. The chamber can be used as a dry

chamber or to test low-air-temperature icing of systems under salt or tresh,
~ -~ -water spray conditions.

IA Wal~mll

UDU-

Figure 4. Large entry cold chamber

Cold Rooms

Two dry cold laboratories are available (Figure 5). The air temperature in

each room may be idividually monitored and controlled. While not normally

used for 'wet work, a small tank (< 567 liters) may be installed with a circUlal-
FIgure 2. Arctic Experimental Pool. ing pump to grow sea ice while under continuous observation (such as by

laser). (See Table 2.)
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Table 2. Cold rooms and chambers PRES.SURE TESI ECU!PMENT (0O.O pý')

Large Entry North Lab South Lab (C)

Length 9.1 rn 4.57mr 4.57 m
Width 4.87 m 3.65 m 4.57 m . -----
Height 3.35 M 2.12mr 2.13 m ------ -
Min. air temp -45'C -45'C -45~'C
Dry/Spray Both Dry Dry

Entry Size 3.35 m X 4.24 m 1.98 m high X 1.01 m wide_ F
Pressure FacilitiesPRSUETS OIMN(. w

(d)
* ~A variety of pressure test chambers are also located at tMe ArctiC Subma-

rifle Laboratory (Figure 6a through e). The chambers' general capabilities are
given In Table 3. The large pressure lank (Figure 6--c) may also be operated INSTRUMENTATION

over a temperature rangeý- of 0' to + 90'C. POTSUHAE
1 206 APART GASKET

-- ~.O.-L-
PAOEYES PIN FOP

CABLE MAIN PILL 120- APART AUGNtNG

ETY VENT ()VLEPRESSURE TEST EQUIPMENT 11I.0Psq

(e)

87,6

175, L-Figure 6 Pressure IeS1 facilities

CABLESCE
ENTRY (b) SCREW

PRESSURE TEST EQUIPMENT (50.0002 psi)
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Table 3 Press-re tanks Physics tlrbniatoiy.
Clhemistry Labofaltory.

Tank Length Diameter Pressure Shape O pliC Labratoray.
MPa Elec.ionics Laboralory,

12 In. gun 482 rn 31 on 345 A Dark Room, and

16 in. gun 3.91 m 40.6 cm 345 A Machine Shop

Chicago tank 304 m 40 6 cM 70 B A variety of typical tests are
Note I Picfield/proof ni concept tests.

Male Island 3 35 rn 1 37 n 7 B kce penetration methods (lioni above anid beJow).
tank Sonar performance tests,

Pasadena tank 7.01 m 76 cmn tO C Though-lce transmission oeasureots laser/tif i
Note: aroustlclIfl),

Ice physics tests,

1. This tank may be operated at a controlled lemperature in the range from Ice fracture mechanitcs tests.

00 to 90°C Ice thickness measurement systems
Ice movement systems.

Shapes: Seawater salintly variation tests;
Long-term cold soaking of equipment.

(A) A gtn barrel which has a larger diameter than that given at the breech Component strength measurements versus ice.
and a slight taper in the length. Geophone performance;

(B) A cylindrical tank with hemispherical ends. Remotely Operated Vehicle (ROV) operation under ice,
(C) A cylInder with flat ends. Hull costing (SKt, etc.) abrastr, tests; and

Structure atmospheric icing effects.
These facIlfties are Ideaf to do the laboratory testing of &.C -4,. i- validate

models and compare with field experiments The facilities provide a cap.- ,
Conclusions which may well be unavailable anywhere else in the world These facilities are

The U.S. Navy's Arctic Submarine Laboratory was designed and built available for any user on a cost reimbursible basis.
specifically to do scio-ntific and engineering tests of sea-ice sheets. The addi-
tional support facilities are
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